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any aberrant effects outside of those anticipated. These effects were generally mild/minor to moderate and 
resolved rapidly. In both IDS and SENSOR-Pesticides, exposure to pet products is the most often 
reported exposure scenario.2  For NPIC and CA PISP, post-application exposure following application to 
an individual’s home was the most often reported exposure scenario.3 The IDS trend over time from 2009 
to 2018 for fipronil incidents appears to be decreasing.  

Epidemiological studies investigating the association between fipronil and health outcomes available in 
the open literature were reviewed. Overall, there was insufficient evidence to suggest a clear associative 
or causal relationship exists between fipronil exposure and the health outcomes investigated in the studies 
reported here. The Agency will continue to monitor the epidemiology data, and -- if a concern is triggered 
-- additional analysis will be conducted.  

1 BACKGROUND 

Fipronil is a broad-spectrum insecticide belonging to the phenylpyrazole class of insecticides. It is 
registered for use on agricultural commodities corn (seed for export only) and potato, as well as for 
ornamentals, turfgrass, forestry and in/around agricultural/manufacturing/industrial areas. Residential 
home-use products include those used to treat outdoor ant pests and turfgrass, as well as indoor 
applications as a flea and tick preventative for pets, a subsurface termiticide, and as crack and crevice 
insecticide.  
 
HED is currently re-evaluating the toxicity, exposure, and risk profile of fipronil under the Food Quality 
Protection Act (FQPA)-mandated Registration Review program. The registration review program is 
designed to ensure EPA evaluates new information regarding pesticides on a 15-year cycle, and to update 
the risk assessment and initiate new regulatory requirements, when appropriate, to ensure the protection 
of human health and the environment. Pesticides included in the registration review program are 
pesticides for which EPA completed a Re-registration Eligibility Decision under the FQPA. 
 
One component of the Agency’s Registration Review Program is consideration of acute and chronic 
health effects observed in the human population as a possible consequence of fipronil exposure. Given the 
frequency observed in the initial screening evaluation of acute poisoning incidents related to fipronil use, 
HED determined that a more extensive Tier II report of the acute and chronic human health effects linked 
to fipronil use should be performed.  

A Tier II incident and epidemiology report, as compared to a Tier I incident and epidemiology report, 
provides additional details and greater depth in scope of review of information relating to human 
exposure. Utilization of these data will aid HED in better defining and characterizing the potential risk of 
fipronil pesticide products to the U.S. population, and particular sub-groups such as workers and children.  

This Fipronil Tier II Incident and Epidemiology Report reviews human observation data from a variety of 
sources including:  

• Human incident (poisoning) data from the following sources:  

o OPP’s Incident Data System (IDS) database;  

o National Institute of Occupational Safety and Health (NIOSH) SENSOR-Pesticides;  

                                                      
2 For IDS, 78% of the incidents were attributed to exposure to pet products. For SENSOR-Pesticides, 65% of the incidents were 
attributed to exposure to pet products. 
3 For NPIC, 73% of the incidents were attributed to post-application exposure following application to an individual’s home. For 
CA PISP, 57% of the incidents were attributed to post-application exposure following application to an individual’s home. 
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o National Pesticide Information Center (NPIC) (Agency Sponsored); and,  

o California’s Pesticide Incident Surveillance Program (PISP). 

• Epidemiological studies from the open literature. 

Incident data are collected systematically, but differently, across the different databases used by the 
Agency with respect to such issues as coverage, certainty/confidence, fields/parameters reported, and 
usability. The four pesticide incident data sources (IDS, NIOSH SENSOR-Pesticides, NPIC, and 
California PISP) were used in this fipronil report since they provide useful content and historical 
perspective. Various other comparable sources of data are available (e.g., the Bureau of Labor Statistics, 
emergency room outpatient surveillance, National Poison Data System (NPDS), etc.) but are not included 
in this review. By looking across the four data sources which were used, the Agency is confident that we 
are considering adequate and appropriate information to discern trends and patterns in fipronil-associated 
acute pesticide poisonings, or “incidents.” 

It is important to recognize, however, that reports of adverse health effects allegedly due to a specific 
pesticide exposure (i.e., an “incident”) are largely self-reported and therefore, generally speaking, neither 
exposure to a pesticide nor reported symptoms (or the connection between the two) are validated. 
Therefore, only rarely can causation be determined or definitively identified based on incident data. 
However, incident information can provide important feedback to the Agency. Human incident data, in 
concert with other human observational studies (biomonitoring and epidemiological studies) and the 
human health risk assessment, can assist the Agency in determining potential risks of pesticides/pesticide 
product exposure, and can help characterize that risk. This review assesses acute pesticide poisoning 
incidents and published epidemiology studies to inform the preliminary risk assessment for fipronil.  

2 REVIEW OF HUMAN INCIDENT DATA 

2.1 OPP Incident Data System (IDS) (2014-2019)  
The OPP IDS includes reports of alleged human health incidents from various sources, including 
mandatory Federal Insecticide, Fungicide and Rodenticide Act (FIFRA) Section 60(a)(2) reports from 
registrants and reports from other federal and state health and environmental agencies and individual 
consumers. Since 1992, OPP has compiled these reports in IDS. IDS contains reports from across the U.S. 
and most incidents contained in the system have all relevant product information recorded. Case reports 
or “narratives” are provided for each incident with varying levels of detail; however, there is no effort at 
validating or assessing how likely it is that the reported exposure is causally related to the reported 
outcome. Because IDS has such extensive coverage, it is useful for providing temporal trend and 
geographic pattern information. The system is also useful for determining whether risk mitigation has 
helped reduce potential pesticide exposure through a decreased number of reported incidents.  
 
For this evaluation, the OPP IDS was utilized for pesticide incident data on the active ingredients fipronil 
(PC Code: 129121). IDS records incidents in one of two modules: Main IDS and Aggregate IDS. Main 
IDS contains incidents resulting in higher severity outcomes and provides more detail with regard to case 
specifics. This system stores incident data for death, major and moderate incidents, and it includes 
information about the location, date and nature of the incident. Main IDS incidents involving only one 
active ingredient (as opposed to pesticide products with multiple active ingredients) are considered to 
provide more certain information about the potential effects of exposure from the pesticide. The higher 
severity outcomes include:  

• H-A (death): If the person died;  
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• H-B (major): If the person alleged or exhibited symptoms which may have been life-
threatening, or resulted in adverse reproductive effects or in residual disability; and 

• H-C (moderate): If the person alleged or exhibited symptoms more pronounced, more 
prolonged or of a more systemic nature than minor symptoms, usually some form of 
treatment of the person would have been indicated, symptoms were not life threatening 
and the person has returned to his/her pre-exposure state of health with no additional 
residual disability.  

Aggregate IDS contains incidents resulting in less severe human incidents (minor, unknown, or no effects 
outcomes). These are reported by registrants only as counts in what are aggregate summaries. The less 
severe human incidents include:  

• H-D (minor): If the person alleged or exhibited some symptoms, but they were minimally 
traumatic, the symptoms resolved rapidly and usually involve skin, eye or respiratory 
irritation; and 

• H-E (unknown or no effects): If symptoms are unknown, unspecified or are alleged to be 
of a delayed or chronic nature that may appear in the future. 

For the Main IDS, from January 1, 2014 to August 20, 2019, there are 210 cases reported that involve the 
active ingredient fipronil.4,5  Forty-four of these incidents involved the single active ingredient fipronil 
only and the other 166 incidents involved multiple active ingredients.  
 
Of the 210 incidents involving fipronil, there was one death reported. This incident occurred in 
Massachusetts in 2016. A 47-year-old male had been exposed to the product annually when it was used to 
treat the outside of his home. He passed away. No further details available. There were four incidents 
classified as major severity, 176 incidents classified as moderate severity, and 29 incident classified as 
minor severity.6 The death and major severity incidents are described in Appendix A, Table 1.  
 
Of the fipronil incidents reported to Main and Aggregate IDS from January 1, 2014 to August 20, 2019, 
most of the incidents are attributed to pet spot-on products (74%). Twenty two percent are attributed to 
pet sprays and 4% were attributed to products used around the home but not on pets.  
 
Eighty-two incidents occurred in the two years from 2017 to 2019 and were further reviewed for exposure 
scenario and reported symptoms. These incidents are described in Appendix A, Table 2. Of the 82 
fipronil incidents further reviewed for this analysis, most (62%) involve individuals reporting exposure to 
fipronil during application of the product to a pet. Two of these incidents involved spray products and 49 
incidents involved spot-on products. The second most reported exposure scenarios (31%) are secondary 
exposure to a pet that has been treated with fipronil product by someone else. These incidents involved 
spot-on products. The complete list of exposure scenarios is in Table 1. 
 
 
 
 

                                                      
4 There were also forty-four incidents that occurred in Australia (1), Belgium (4), Brazil (16), Denmark (3), England (4), France 
(2), Germany (9), Italy (2), Spain (1), and Switzerland (2). Foreign incidents are not reviewed in detail because of the potential 
differences in the exposure patterns, use practices, and product formulation. 
5 It should be noted there was one incident reported as a lawsuit to IDS that was not considered in this report.  
6 Minor severity incidents and “no effects” incidents are typically reported to the Aggregate IDS but do occasionally 
get reported to the Main IDS. For fipronil, there are 1,262 more incidents reported to Aggregate IDS from 2014 to 
August 20, 2019. 
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In both IDS (78%) and SENSOR-Pesticides (65%), exposure to pet products were responsible for most of 
the exposures reported. For NPIC (73%) and CA PISP (57%), post-application exposure following 
application to an individual’s home was the most often reported exposure scenario. In all four databases, 
most of the reported incidents occurred in private residences. In addition, the health effects and exposure 
scenarios discussed in reviewed article (Lee et al., 2010) correspond to those reported to IDS, SENSOR-
Pesticides, NPIC, and CA PISP for the years covered in this memorandum. 

Fipronil incident trends over time from 2009 to 2018 were reviewed in IDS. Based on these data, which 
are primarily exposure to pet spot-on cases, incidents appear to be decreasing over time.  

3 REVIEW OF PUBLISHED EPIDEMIOLOGY  

3.1 Introduction 
As part of registration review, EPA’s OPP is responsible for determining if there is new data or 
information that warrants a new human health risk assessment. To support this effort, OPP conducted a 
systematic literature review of peer reviewed epidemiology studies that examined the association between 
fipronil and adverse health effects. The specific aims of the epidemiology literature review were to:  

1. Conduct a literature search and assemble a database of epidemiological studies examining 
the human health effects associated with fipronil exposure; and, 

2. Review, summarize, and assess the quality of the assembled literature.  

This report describes the systematic literature review approach and results of OPP’s evaluation of 
epidemiology study findings. This evaluation focused on characterizing results and identifying strengths 
and limitations with respect to health outcomes evaluated in the literature. Specific sections of this report 
will include a description of the literature search and methodology and evaluation approach, a synthesis of 
findings by health outcomes evaluated in the literature, and finally a summary of conclusions.  

3.2 Review Framework  
The National Academy of Sciences National Research Council (NRC) and the National Academy of 
Medicine (formerly the Institute of Medicine) define systematic review as “a scientific investigation that 
focuses on a specific question and uses explicit, pre-specified scientific methods to identify, select, assess, 
and summarize the findings of similar but separate studies. In a 2014 report, NRC identified systematic 
literature review strategies as “appropriate for EPA” and “specifically applicable to epidemiology and 
toxicity evaluations.”13  
 
EPA OPP published a framework for incorporating epidemiological data into risk assessments for 
pesticides which described a systematic review process relying on standard methods for collecting, 
evaluating, and integrating the scientific data supporting Agency decisions.14 The epidemiology 
framework characterized “fit for purpose” systematic reviews for incorporating human epidemiology data 
into OPP risk assessments for pesticides, meaning that the complexity and scope of each systematic 
review is tailored to a specific analysis and follows the key characteristics outlined in the Cochrane 
Handbook:15  

                                                      
13 NRC. 2014. Review of EPA’s Integrated Risk Information System (IRIS) Process. Washington, DC: National Academies 
Press. 
14 US EPA. December 28, 2016. Office of Pesticide Programs’ Framework for Incorporating Human Epidemiologic & Incident 
Data in Risk Assessments for Pesticides. https://www3.epa.gov/pesticides/EPA-HQ-OPP-2008-0316-DRAFT-0075.pdf 
15 Higgins, J. P., & Green, S. (Eds.). (2011). Cochrane handbook for systematic reviews of interventions (Vol. 4). John Wiley & 
Sons. 
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The AHS maintains on its website an electronic list of publications resulting from AHS studies using the 
AHS cohort.19 These articles were imported into Endnote (Clarivate Analytics, vX9.2), and Endnote was 
used to run a full text search (“Any Field + PDF with Notes”) for “Fipronil”, to ensure all AHS 
publications relevant to the epidemiology literature review were identified. AHS articles that satisfied the 
inclusion/exclusion criteria as described above were selected for inclusion in the epidemiology literature 
review. 
 
The final phase of data collection was a reference review of articles captured in the open literature search, 
the AHS publication search, and previously published OPP documents. References were examined to 
identify relevant publications that were not captured in either the open literature search or the AHS 
publication search. Resulting articles from this reference review that satisfied inclusion/exclusion criteria 
were selected for inclusion in the epidemiology literature review. 

3.3.3 Literature Search Results 
The search of the open literature returned 820 unique articles across PubMed, PubMed Central, Science 
Direct, and Web of Science and these articles were assembled into an EndNote Library (version X8) (40 
duplicates were removed). The title and abstract of each article were screened for potential relevance 
using the PECO criteria and exclusion criteria described in the Systematic Literature Search section. 
EPA identified 43 articles based on this approach and no additional articles were identified that were cited 
by the articles screened during reference review. Of these 43 articles reviewed, 41 did not include 
fipronil-specific analysis. This yielded a total of two articles that reported effect estimates for fipronil 
exposure. 
 
The supplemental search of the AHS EndNote Database identified an additional three articles that 
included the term “fipronil” in their text or tables. The three articles (Alavanja et al., 2007; Deziel et al., 
2016; and Deziel et al., 2018) were reviewed, but did not include fipronil-specific analysis. Thus, review 
of the AHS articles did not yield any additional articles that reported effect estimates for fipronil 
exposure. A summary of the literature search and supplemental AHS search is provided in Figure 2. 

                                                      
19 Agricultural Health Study Publications: https://aghealth nih.gov/news/publications.html 
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Studies that characterized the exposure-response relationship (e.g., with a dose-response curve or trend 
statistic) were, in general, considered higher quality than studies that did not characterize exposure-
response. Studies that specified temporality (i.e., those that determined exposure preceded a health 
outcome) and studies that specified or explored uncertainties in the analysis were, in general, considered 
higher quality than studies that failed to specify temporality and studies that lacked an examination of 
uncertainty. Consistent results between study groups (e.g., a significant and positive association seen for 
both farmers and commercial applicator study groups within a single study) bolstered the assessment of 
study quality.  
 
Risk estimates (estimates of effect) reported in epidemiological studies were generally considered as 
follows: 

• No evidence of a positive association between exposure and outcome (e.g., OR ≤ 1.00); 

• No evidence of a significant positive association (e.g., OR > 1.00 but not significant); 

• Evidence of a slight positive association (e.g., 1.00 < OR < 1.30 and significant); 

• Evidence of a positive association (e.g., 1.30 ≤ OR < 2.0 and significant); 

• Evidence of a moderately strong (e.g., 2.0 ≤ OR < 3.0 and significant) or strong (e.g., OR ≥ 3.0 
and significant) positive association.20 

However, we recognize that results that fail to attain statistical significance may still indicate clinical, 
biological, and/or public health importance and may warrant further exploration (US EPA, 2016). We 
particularly noted large observed associations (e.g., OR ≥ ~2.5) even in the absence of significance, 
perhaps indicating a smaller than optimal sample size.  

3.4.2 Categories of Evidence 
Table 7 describes the categories of evidence which are guided by several documents that have been 
developed by EPA and others. These include as a main reference, a document developed by the Institute 
of Medicine (now the Academies of Science, Engineering, and Medicine)21 which detailed various 
“Categories of Association” which describes guidance for drawing conclusions regarding the overall 
strength of the evidence that exists regarding any putative linkage between an exposure and a health effect 
(IOM, 1998). Also considered in developing OPP’s categories of evidence were the NTP’s OHAT 
document on systematic review and evidence integration (Woodruff and Sutton, 2014), OPP’s 
epidemiologic framework document (US EPA, 2016), and EPA’s Preamble to the Integrated Science 
Assessments which serve as a scientific foundation for the review of EPA’s National Ambient Air Quality 
Standards (US EPA, 2016).22 
 

                                                      
20 For articles that reported ORs, RRs, and HRs, the confidence interval (CI) acted as a proxy for significance testing, with CIs 
that do not contain the null value (OR / RR / HR = 1.00) considered significant. P-value significance considered a critical value 
of α = 0.05 unless otherwise specified by the authors and noted in the summaries here. 
21IOM (1998). Veterans and Agent Orange Update 1998. National Academy Press. Washington, DC. 
https://www nap.edu/read/6415/chapter/1. Some of this material is derived from and/or consistent with U.S. Department of 
Health and Human Services. The Health Consequences of Smoking: A Report of the Surgeon General. Atlanta, GA: U.S. 
Department of Health and Human Services, Centers for Disease Control and Prevention, National Center for Chronic Disease 
Prevention and Health Promotion, Office on Smoking and Health, 2004 and its Chapter 1 “Introduction and Approach to Causal 
Inference”, available at: https://www ncbi nlm nih.gov/books/NBK44695/. Much of this material is also presented in a more 
recent National Academies publication from 2018: National Academies of Sciences, Engineering, and Medicine 2018. Gulf War 
and Health: Volume 11: Generational Health Effects of Serving in the Gulf War. Washington, DC: The National Academies 
Press. https://doi.org/10.17226/25162.  
22 U.S. EPA. Preamble To The Integrated Science Assessments (ISA). U.S. Environmental Protection Agency, Washington, DC, 
EPA/600/R-15/067, 2015. 
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3.5.1 Birth Effects 
One study (Kim et al., 2019) investigated the association between prenatal fipronil exposure and birth 
effects in neonates.  
 

Kim et al. (2019) examined the potential association between in utero exposure to fipronil and 
several birth outcomes in a cross-sectional study of a birth-cohort of mother-infant and biological 
father triads in South Korea.23 The study population included healthy pregnant women-newborn 
pairs (n = 59) and the matching biological father (n = 51) who were recruited prior to delivery. 
Women who received prenatal care from Inje University Ilsan Paik Hospital in South Korea 
between March 2013 and July 2015 and delivered their newborn infants at 31 - 41 weeks of 
gestation were eligible to participate. Maternal and paternal blood was collected when the mother 
visited the hospital for delivery and newborn infant umbilical cord blood was collected during 
delivery. Fipronil and fipronil sulfone (a primary metabolite of fipronil) levels were tested in 
serum using liquid chromatography electrospray ionization mass spectrometry. Blood samples 
were stored at -80℃ and all laboratory technicians were blinded to outcome status. Method and 
matrix blanks were used for each analysis, and reagent blanks and Quality Control (QC) samples 
were used for each instrumental run. The limits of detection (LOD) for fipronil and fipronil 
sulfone were 0.027 ng/mL and 0.087 ng/mL, respectively. Serum fipronil (parent compound) 
levels from study participants were not detectable above the LOD (except for one paternal serum 
sample).24 Fipronil sulfone, on the other hand, was detected in serum samples from all study 
participants and thus only serum fipronil sulfone (the metabolite) levels were considered in the 
analysis for the study. Fipronil sulfone levels were highest in the paternal samples (geometric 
mean +/- geometric standard deviation = 1.163 ± 0.797 ng/mL, range, 0.130 – 3.570 ng/mL) and 
were significantly higher than fipronil sulfone levels in either maternal serum samples (0.744 ± 
0.426 ng/mL, range, 0.0790 – 2.910 ng/mL) or infant cord blood samples (0.525 ± 0.240 ng/mL, 
range, 0.159 –1.750 ng/mL). Demographic and pregnancy health data were collected via one-on-
one interview and questionnaires completed by both parents at the time of blood sampling, and 
included questions on age, Body Mass Index (BMI), weight gain during gestation, waist 
circumference, age of menarche, duration of menstrual cycle, history of dysmenorrhea and related 
surgeries, gravity, parity, cigarette smoking, alcohol consumption, exposure to second-hand 
smoke, physical activity, owning a cat or dog, and various socioeconomic characteristics. Medical 
records provided current or previous parental health status and newborn birth outcomes (e.g., 
infant sex, birth weight, birth length, head circumference, ponderal index, and birth morbidity).25  
 
A number of birth outcomes were investigated including: gestational age, birth weight, birth 
length, head circumference, ponderal index, Apgar score at one minute and Apgar score at five 
minutes.26 Two multiple linear regression models (Model I and Model II) were used to evaluate 
the potential association between the main fipronil metabolite (fipronil sulfone) and adverse birth 
outcomes. Model I was adjusted for maternal age, maternal pre-pregnant BMI, parity (primipara 
or multipara), smoking status (maternal indirect smoking status, yes/no), parental education 
levels, household income, infant sex, gestational age, birth weight, birth length, head 

                                                      
23 Kim et al. also investigated thyroid hormone levels in the infants, and this is covered under the Thyroid Effects section of this 
review.  
24 This paternal serum sample fipronil concentration was measured at 0.12 ng/mL.  
25 Birth morbidity was defined as infants with a diagnosis of one or more of the following: intraventricular hemorrhage; 
respiratory distress syndrome; bronchopulmonary dysplasia; and necrotizing enterocolitis.  
26 Results for infantile thyroid hormones including: triiodothyronine (T3), thyroxine (T4); free triiodothyronine (Free T3); free 
thyroxine (Free T4); and thyroid-stimulating hormone (TSH) are reported in the Thyroid Hormone Effects section.  
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circumference, and Ponderal index.27 Model II included all of the above-mentioned covariates in 
addition to birth morbidity, Apgar score at one minute, and Apgar score at five minutes.  
 
For gestational size outcomes,28 no evidence of a statistically significant association was reported 
between fipronil sulfone levels in infantile cord blood serum and gestational age, birth weight, 
head circumference, birth length, or ponderal index for either model (Model I: -14.368 < all β < 
0.092; all 95% CI encompassed the null value 0; all p-values > 0.05; Model II: -0.004 < all β < 
5.965; all 95% CIs encompassed the null value 0; all p-values > 0.05).29   
 
With respect to Apgar scores, mean Apgar scores in the newborn infants at one minute and at five 
minutes were 7.85 ± 1.19 (5-10) and 9.07 ± 0.64 (7-10), respectively, and were within normal 
range for a healthy infant (7-10).30 While no evidence of a significant association was reported 
for Apgar score at one minute in newborn infants for either model31 (Model I − β = −0.217; 
95%CI: -1.132, 0.697, p = 0.65; Model II − β = 0.375; 95%CI: -0.430, 1.180, p = 0.37), evidence 
of a statistically significant association was reported for prenatal fipronil exposure and decreased 
Apgar score at five minutes in newborn infants in both models (Model I − β = -0.538; 95%CI: -
1.061, - 0.015, p = 0.04; Model II − β = -0.477; 95%CI: -0.902, -0.051, p = 0.03).   

 
The overall quality of the study was ranked low based on the study quality criteria in the OPP 
Framework. Study strengths included the hospital-based determination of the birth outcome 
measures as well as the laboratory quality control associated with the fipronil exposure measures. 
Limitations included the cross-sectional study design and the use of a single blood sample to 
quantify pesticide exposure. Since the pesticide exposure marker and birth outcomes were 
measured contemporaneously in this cross-sectional study, it is unclear if the associations 
observed provide direct evidence of a temporal relationship between fipronil exposure and the 
birth outcomes assessed in the study. And, the use of a single blood sample taken a birth may not 
accurately reflect relevant past, longitudinal, or longer-term exposure patterns. With respect to the 
statistical analyses that were performed, we note three additional concerns:  

• No background or rationale was provided with respect to how the independent (predictor) 
variables were selected for consideration or for inclusion in the model; the dataset 
consisted of only 59 mother-infant pairs (or 51 mother-father-infant triads) and 12 (or 
more) factors were incorporated as covariates, some of which were likely highly 
correlated themselves (e.g., parental education levels and household income). Given the 
limited sample size, the number of covariates included in the model is likely to be 
excessive and may lead to statistical bias.32 Further, no indication was provided by the 

                                                      
27 Equal to the birth weight in grams divided by the third power of body length (cm), then multiplied by 100.  
28 Infant gestational size outcomes included (Mean + standard deviation (SD) (range)): gestational age: 37.44 + 2.59 weeks 
(30.6–41.0); birth weight: 2,983.66 ± 547.09 g (1,710–3,940); head circumference 33.11 ± 1.92 cm (28.5–36.0); birth length 
48.57 ± 2.76 cm (41.5–53.5); and ponderal index 2.51 ± 0.19 g/cm3 (2.16–2.97) 
29 Regression coefficients (95% CI) were as follows for Model I and Model II, respectively: gestational age (weeks) – -0.343 (-
1.940, 1.254) and 0.109 (-1.604, 1.822); birth weight (g) – -14.368 (-65.946, 37.211) and 5.965 (-44.652, 56.583); head 
circumference (cm) – -0.089 (-1.176, 0.997) and -0.183 (-1.312, 0.946); birth length (cm) – 0.092 (-0.204, 0.388) and -0.018 (-
0.310, 0.275); ponderal index (g/cm3) – 0.014 (-0.029, 0.056) and -0.004 (-0.045, 0.038).  
30 Watterberg, K. L., Aucott, S. W., Benitz, W. E., Cummings, J. J., Eichenwald, E. C., Goldsmith, J., ... & Ecker, J. L. (2015). 
The Apgar Score. Pediatrics, 136(4), 819-822.  See also Apgar, Virginia . A proposal for a New Method of Evaluation of the 
Newborn Infant, reprinted in Anesthesia and Analgesia, May 2015 120(5): 1056-1059 and available  for download at 
https://journals.lww.com/anesthesia-analgesia/pages/articleviewer.aspx?year=2015&issue=05000&article=00022&type=Fulltext#pdf-link 
31 The study authors reported p-values as either <0.05 or <0.05. These were recalculated and listed here based on the upper and 
lower 95% confidence intervals that were reported in the article.  
32 For example, see OPP’s Framework for Incorporating Human Epidemiologic & Incident Data in Risk Assessments for 
Pesticides” (December 28 2016) at https://www3.epa.gov/pesticides/EPA-HQ-OPP-2008-0316-DRAFT-0075.pdf where we 
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3.5.2 Thyroid Hormone Effects 
Two studies (Herin et al., 2003; Kim et al., 2019) examined the effects of fipronil exposure on thyroid 
hormone effects in neonates in South Korea and in adult factory workers in France. 

Thyroid Hormone Effects in Neonates 

One study (Kim et al., 2019) investigated the association between prenatal exposure to fipronil and 
thyroid hormone effects in neonates.  
 

Kim et al. (2019) examined the potential association between in utero exposure to fipronil and 
several birth outcomes (reviewed above) and thyroid hormone levels in a cross-sectional study of 
a birth-cohort of parent-infant triads in South Korea. Specifically, infant thyroid hormone 
measurements included triiodothyronine (T3); thyroxine (T4); free triiodothyronine (Free T3); 
free thyroxine (Free T4); and thyroid-stimulating hormone (TSH). The study population included 
healthy pregnant women-newborn pairs and the matching biological father who were recruited 
prior to delivery. The study is described in further detail in the Birth Effects section of this 
memorandum and birth outcomes are reported there as well. Infantile thyroid hormone outcomes 
are reported below.  Evidence of a significant inverse association was reported for infantile 
fipronil sulfone levels for both decreased cord blood T3 (Model I − β = -0.104; 95% CI: -0.177, -
0.029, p = 0.006; Model II − β = -0.105; 95% CI : -0.190, -0.020, p = 0.02) and decreased cord 
blood Free T3 levels (Model I − β = -0.021; 95%CI: -0.037, -0.004, p = 0.01; Model II − β = -
0.021; 95%CI: -0.040, -0.002, p = 0.03), but no evidence of a significant association was reported 
between fipronil sulfone and infantile Free T4, T4, and TSH.34, 35  

 
The overall quality of the study was ranked low based on the study quality criteria in the OPP 
Framework. The hospital-based laboratory quality control associated with the fipronil exposure 
measures was a study strength. Study limitations included most importantly the cross-sectional 
study design and use of a single blood sample to quantify pesticide exposure and serum hormone 
levels. Since the pesticide exposure marker and the hormone levels were measured 
contemporaneously in this cross-sectional study, it is unclear if the associations observed provide 
direct evidence of a temporal relationship between pesticide exposure and the hormone levels 
assessed, and this approach may not accurately reflect relevant past, longitudinal, or longer-term 
exposure patterns. As all but one of the fipronil measures were < LOD, measures of fipronil 
sulfone, a major metabolite of fipronil, that has a longer half-life and is more persistent in the 
environment were used in the analysis. The association between parental fipronil sulfone levels 
and infant outcomes was illustrated but not assessed. With respect to the statistical analyses that 
were performed, we note two additional concerns:  

• No background or rationale was provided with respect to how the independent (predictor) 
variables were selected for consideration or for inclusion in the model; the dataset 
consisted of only 59 mother-infant pairs (or 51 mother-father-infant triads) and 12 (or 
more) factors were incorporated as covariates, some of which were likely highly 
correlated themselves (e.g., parental education levels and household income). Given the 
limited sample size, the number of covariates included in the model is likely to be 

                                                      
34 The study authors reported p-values as either <0.05 or >0.05. These were recalculated and listed here based on the upper and 
lower 95% confidence intervals that were reported in the article. 
35 Infant thyroid hormone measurements included triiodothyronine (T3); thyroxine (T4); free triiodothyronine (Free T3); free 
thyroxine (Free T4); and thyroid-stimulating hormone (TSH). Infant serum thyroid hormones levels (Mean + SD (range)) were: 
T3: 0.59 ± 0.08 ng/mL (0.41–0.80); T4: 8.06 ± 1.21 ug/dL (5.55–10.69); Free T3: 0.13 ± 0.02 ng/dL (0.08–0.19); Free T4: 1.25 ± 
0.14 ng/dL (0.99–1.58); and, TSH: 10.98 ± 6.70 uIU/mL (2.97–40.55).  
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excessive and may lead to statistical bias.36 Further, no indication was provided by the 
authors that any regression diagnostics or other formal model testing were performed to 
indicate that multiple regression model assumptions were met or that the most 
appropriate model was selected. 

• Additionally, the study performed multiple comparisons without corrections for false 
discovery rate which increases the likelihood of spurious (and thus non-repeatable) 
findings. Thus, the study is considered to be exploratory and hypothesis generating in 
nature.  

Thyroid Hormone Effects in Adults 

One study (Herin et al., 2011) investigated the association between fipronil exposure and thyroid function 
in adults.  

 
Herin et al. (2011) investigated the association between fipronil exposure and abnormal thyroid 
function in adults in a cross-sectional analysis of factory workers that manufactured fipronil-
containing veterinary drugs in France. The authors used data collected from a descriptive 
epidemiology survey of the fipronil exposed factory workers in 2008 for their analysis. The study 
population included 159 factory workers (80 males, 79 females) with exposure to fipronil while 
working at a factory in France (~10% of all factory workers). Exposure was assessed through 
measurements of fipronil and the major metabolite, fipronil sulfone, in serum samples collected 
from all exposed workers present the day of the survey. Demographic and occupational 
characteristics were abstracted from occupational medical records. Serum concentrations of 
thyroid hormones TSH, total T4, and Free T4 were measured using an automated immunoassay 
and direct chemiluminescence detection. Liquid chromatography-mass spectrometry was used to 
detect concentrations of fipronil and fipronil sulfone with LOD and limits of quantification of 0.1 
μg/L and 0.2 μg/L, respectively. Laboratory standards were used, validation procedures were 
performed daily for five days, and intra-assay and inter-assay precision, accuracy and recovery 
were examined. Spearman’s rank correlation coefficients were used to evaluate the potential 
correlations between fipronil and fipronil sulfone concentrations and serum TSH, Total T4 (TT4), 
and Free T4 concentrations. The 159 exposed workers were stationed at any one of ten work 
stations in the factory at which there was exposure to fipronil; the mean duration of occupational 
exposure to fipronil was four years (range: 1 - 11 years, SD 3.6 years). Fipronil was detected in 
the serum of 33 workers and fipronil sulfone was detected in serum of 155 workers. Mean 
fipronil and fipronil sulfone concentrations were 0.47 μg/L (SD: 0.28) and 7.79 μg/L (SD: 7.65, 
range: 0.37 - 42.45 μg/L), respectively. Eighteen of the 159 workers exposed to fipronil had one 
or more abnormal thyroid hormone level measurements.37 Specifically, seven had elevated TSH, 
one had low TSH, three had low Free T4, and 11 had high TT4.38 Based on these results, the 
authors stated that six of the workers (or 3.8% of the study population) had subclinical 
hypothyroidism, (defined as elevated TSH with normal Free T4). Two of the workers had 

                                                      
36 For example, see OPP’s Framework for Incorporating Human Epidemiologic & Incident Data in Risk Assessments for 
Pesticides” (December 28 2016) at https://www3.epa.gov/pesticides/EPA-HQ-OPP-2008-0316-DRAFT-0075.pdf where we 
state: “When performing statistical modeling when the outcome is rare or the sample size is relatively small, it is important to be 
cautious about including too many covariates in the model. Any resulting effect size estimate may be too high or too low and is 
unlikely to reflect the true estimate of effect… Thus: while controlling for confounders and other covariates is important, the 
assessor must take care not to over-control or end up with too few degrees of freedom to produce a reliable test. In these cases, it 
may be more important to seek parsimonious models that adjust for only a smaller number of the most influential confounders 
and other covariates so that the effective sample size remains adequate.” 
37 Reference intervals for TSH, TT4, and Free T4 were 0.4-4.4 µIU/mL, 4.5- 10.9 µg/dL, and 10.7–21.1 pmol/L, respectively.  
38 Two of the 11 workers with elevated TT4 concentrations were being treated with levothyroxine and had low or normal TSH.  
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1  Study Design –CS = Cross-Sectional 
2  Study Quality –L = Low 

3.6 Epidemiology Conclusion 
OPP conducted a systematic review of the epidemiologic literature on fipronil exposure and identified 
two articles that investigated health outcomes including birth effects and thyroid hormone effects. OPP’s 
conclusions on the available evidence for these outcomes are summarized below. 

Birth Effects 
• For birth effects including gestational age, birth weight, head circumference, birth length, 

ponderal index, and Apgar score at one minute, there is no evidence at this time to conclude that 
there is a clear associative or causal relationship between fipronil exposure and these birth effects 
as determined in a single study (Kim et al., 2019) that reported no evidence of an association 
between fipronil sulfone and the above mentioned birth effects among neonates in South Korea. 
Several limitations were noted for this study and this study was of low quality.   

• For Apgar score at five minutes, there is insufficient evidence at this time to conclude that there 
is a clear associative or causal relationship with fipronil exposure. This determination was based 
on a single study (Kim et al., 2019) of cross-sectional design that reported evidence of a 
significant negative association between fipronil sulfone, a primary metabolite of fipronil, and 
Apgar score at five minutes. Again, several limitations were noted for this study and this study 
was of low quality.  

Thyroid Effects  
• Two studies investigated the relationship between fipronil and adverse effects on thyroid 

hormone concentrations in adults in France and neonates in South Korea. Both studies relied on 
cross-sectional study designs and were of low quality. 

o For thyroid hormones T4 and Free T4, there is no evidence at this time to conclude that 
there is a clear associative or causal relationship with fipronil exposure. This 
determination was based on two studies (Kim et al., 2019 and Herin et al., 2011) that both 
reported no evidence of a significant association between fipronil exposure and T4 and 
Free T4 levels. Several limitations were noted for both studies and both studies were of 
low quality.  

o For thyroid hormones T3 and Free T3, there is insufficient evidence at this time to 
conclude that there is a clear associative or causal relationship with fipronil exposure. 
This determination was based on a single study (Kim et al., 2019) that reported evidence 
of a significant negative association between fipronil sulfone, a primary metabolite of 
fipronil, and T3 and Free T3 levels measured in neonatal cord blood serum. Several 
limitations were noted for this study and this study was of low quality.  

o For thyroid hormone TSH, there is insufficient evidence at this time to conclude that 
there is a clear associative or causal relationship with fipronil exposure. This 
determination was based on two studies (Kim et al., 2019 and Herin et al., 2011) that 
reported mixed findings. Herin et al. (2011) reported a significant negative correlation 
between increasing fipronil sulfone levels in adults in France and decreasing TSH levels. 
Kim et al. (2019) reported a positive, but not statistically significant association between 
fipronil exposure and TSH levels in neonates in South Korea. Several limitations were 
noted for both studies and both studies were of low quality.  
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4 CONCLUSION 

For this Fipronil Tier II Incident and Epidemiology Report, HED found that the acute health effects 
reported to the incident databases queried are consistent with the previous incident report. These health 
effects primarily most often involved the dermal, neurological, and ocular systems. HED did not identify 
any aberrant effects outside of those anticipated. These effects were generally mild/minor to moderate and 
resolved rapidly. In both IDS (78%) and SENSOR-Pesticides (65%) exposure to pet products were 
reported for most of the reported exposures. For NPIC (73%) and CA PISP (57%), post-application 
exposure following application to an individual’s home was the most often reported exposure scenario. 
The IDS trend over time from 2009 to 2018 for fipronil incidents appears to be decreasing over time.   

Epidemiological studies investigating the association between fipronil and health outcomes available in 
the open literature were reviewed. Overall, there was insufficient evidence to suggest a clear associative 
or causal relationship exists between fipronil exposure and the health outcomes investigated in the studies 
reported here. The Agency will continue to monitor the epidemiology data, and – if a concern is triggered 
– additional analysis will be conducted.  
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